The relationship between the manufacturing parameters and the compressive behaviors of a traditional bi-planar geonet, the effect of various test conditions on the compression test results for bi-and tri-planar geonets, and the correlation between the normal pressure and the transmissivity of bi-and tri-planar geonets were investigated. The geonet strand inclination can mainly affect the after-compressive strength, i.e., roll-over behavior. For both bi-and tri-planar geonets, the compressive strength decreased and the strain at the yield point increased gradually with temperature . A significant reduction in flow capacity was observed for the traditional bi-planar geonet, and this value was consistent with the compressive strength. These decreases were anticipated owing to the abrupt thickness decrease in the geonet caused by roll-over. On the other hand, no significant decrease was observed in the transmissivity for the tri-planar geonet, which did not roll over.
Introduction
Geonets are used in landfill applications to discharge the leachate or gases to treatment or valorization units located outside of the land filling area. Various kinds of geonets are already on the market, and new drainage products development is on going actively. Because the basic function of a geonet is its flow capacity and that a landfill system design life time is typically extremely long, the long-term flow capacity of geonets is very critical. Fannin et al. [1] investigated the factors influencing the flow capacity of geonets. The study showed that in-plane flow rate was dependent on the structure of the geonet, and was smaller for a geonet with narrow flow channels and/or larger angles of rib intersection. Also, Rad et al. [2] evaluated the effect of various parameters on the hydraulic transmissivity of geonets. The results explained that the higher the hydraulic gradient and vertical load resulted in the lower the hydraulic transmissivity value. To investigate the behavior of geosynthetics under high normal stresses, Zhao [3] conducted a transmissivity test with normal stresses up to 2,000 kPa. From the results showed the variation of geonet transmissivity with normal stresses. Geonets behaved similarly up to 200 kPa regardless of weight. However above this value the lighter geonet exhibited a steeper loss of transmissivity with increasing normal stresses, while heavier geonets continue to present close results up to 2,000 kPa normal stresses. This behavior of lighter geonet must have been caused by some level of collapse of the geonet structure (=roll-over) for larger stress levels. The roll-over phenomenon of the bi-planar geonet was introduced by Koerner [4, 5] . The sets of upper and lower ribs are not exactly perpendicular to one another at the intersection point and also each rib. Because of this nonperpendicularity, when the compressive loading is applied to the bi-planar geonet, the initial response is quite stiff, however it begin to deform above critical pressure. This rollover effect can influence the flow rate capacity of the biplanar geonet. After roll-over the geonet can still transport liquid, but somewhat diminished in rate. Allen [6] confirmed the orientation of bi-planar geonet relates ribs to an assigned plane positioned parallel to the intersection of the rib. This inclination of the rib especially in the lower rib that has lower inclined angle is closely connected with the roll-over phenomenon. Kopp [7] made an investigation into landfill's site-specific conditions, and the temperature range of the site was up to 50 o C. Also Peggs et al. [8] reported that the performance characteristics should be determined at 80 o or 85 o C, which is the highest temperature that the average geomembrane will experience in service to, be it exposed, or be it in the most aggressive bioreactor landfill. Therefore, considering the geonet, which used as a drainage component on top of the geomembrane, this severe site-specific condition may influence to geonet's short and long-term engineering † Correspondence to Han-Yong Jeon (hyjeon@inha.ac.kr) ⓒ 2014 The Korean Fiber Society 1225-1089/2014-2/096-05 properties [9−12] . Geonets are polymeric, and hence, viscoelastic in their compressive mechanical behavior. The high value of environmental temperature can make the movement of geonet's molecular chain very actively; this could result in weakening the geonet's compressive resistance. The purpose of this paper is to understand the engineering behaviors of various geonets. And this main objective is divided into 3 parts;
-To investigate the manufacturing parameters of bi-planar geonet and determine the factors affecting the short-term compressive properties. -To estimate the compressive properties under various site-specific landfill condition. -And to evaluate the flow rate capability from low to high normal pressure and various hydraulic gradients.
Material and Test Method

Sample Preparation
Two geonet samples were used and the first geonet is a 5.6 mm thick high density polyethylene (HDPE) traditional bi-planar geonet. The second geonet is also HDPE, and have 8.6 mm tri-planar structure. All these material are used for landfill cover and lining system drainage. Photograph of geonet samples are shown in Figure 1 and typical specifications for these samples are provided in Table 1 .
Short-term Compressive Test
Short-term compressive deformation testing was performed using the procedures set forth in Standard Test Method for Determining Short-Term Compression Behavior of Geosynthetics (ASTM D6364). The geonet specimen is positioned between tow rigid steel plates and compressed at a constant deformation rate of 1.0 mm/min. The compressive strength is measured at several values of strain. In short-term compressive test to determine the factor that affecting shortterm compressive strength of the bi-planar geonet, the test was performed with various manufacturing parameters. And these parameters were as follows; Thickness, Mass per unit area, crystallinity, strand strength, junction strength of strands, in-plane strand angle and inclination, Figure 2 shows these various parameters. Also to consider the landfill's severe site-specific conditions, modified test conditions were applied to test; test temperature -23 
Transmissivity Test
Relationships between in-plane flow capacity, confining stress and hydraulic gradient in a geonet were established from transmissivity testing equipment, for which there is a designated ASTM Standard Test Method (ASTM D4716; Test Method for Determining the (In-plane) Flow Rate per Unit Width and Hydraulic Transmissivity of a Geosynthetic Using a Constant Head).
The short-term flow test was carried out for each geonet sample at various normal stresses up to 2,000 (max.), and 3 
Results and Discussion
Factors Affecting the Short-term Compressive Behavior
The relationship between all of geonet manufacturing parameters and the compressive strength were not well defined. And it is assessed that the compressive strength of a geonet cannot be related to any other property of a geonet such as weight, geometrical properties, crystallinity, rib mechanical properties, etc. Compression strength is determined by a combination of these factors, and thus has to be controlled as any other significant property of a geonet. Considering the determination of the compressive strength, because the compressive strength is the start point of the roll-over or after yielding, the stand inclination which related to the range of the roll-over may not affect the resulting value. This concept is presented in Figure 4 . The roll-over distance of the geonet strand which has rectangular shape result in a longer roll-over range compare to the geonet which has circular strand shape. Further evidence for this relationship between strand cross-sectional shape and the roll-over behavior is provide by the comparing the shape of compressive strength-strain curves of geonet shape. By defining the factor that affecting the short-term compressive behavior of the bi-planar geonet, it was determined that before the determining point of compressive strength (=start point of the roll-over) all of the manufacturing parameters can affect in a very complex pattern and after that point strand inclination and strand cross-sectional shape will affect the roll-over phenomenon mainly. Therefore it is concluded that if the cross-sectional shape of the strand is close to the circle, the roll-over region could be shortened dramatically. And this advantage will advance the long-term flow capacity of the geonet. The compressive strength is reduced and the strain at yield increase substantially with the temperature, as would be expected. Simultaneously, the initial slope of these curves decrease strongly with increasing temperature. It seems that the changes in the modulus with temperature are higher than with the deformation rate in the range of variation studied. Figure 4 . Relationship between strand cross-sectional shape and roll-over range for geonet samples. Considering the landfill's severe temperature conditions, this decrease may be affect the long-term flow capacity of the geonet drainage.
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Short-term Trasmissivity Test
The flow capacity data as logarithm of transmissivity as a function of normal pressure (log value) is presented in Figure 8 . Figure 8 more clearly shows the material response to applied loading conditions. Also Figure 8 ) at 0.1 hydraulic gradient for bi-planar and tri-planar geonets, respectively. Also in other hydraulic conditions show same trend as 0.1 hydraulic gradient. From this, it is seen that bi-planar geonet shows dramatic decrease of transmissivity above 600 kPa. However, tri-planar geonet shows stronger flow capacity to be compared with bi-planar geonet even though there is a roll-over effect. On the other hand, tri-planar geonet shows stronger resistance to the thickness decrease. The transmissivity curves of the tri-planar geonet shows very high flow rate capacity and the transmissivity decrease gradually with increasing normal pressure. And this case still performed its function even though very high normal pressure (2,000 kPa) and hydraulic gradient (1.0). It is concluded that the flow pattern of triplanar geonet shows straight line type and this advantage can drain liquid very effectively compare to the bi-planar geonet which has zigzag flow patterns even though similar thickness. From these results, it is expected that the most important key factor that influencing the short-term flow capacity of the geonet is the shape of flow path and flow pattern, for example straight or zigzag type, and secondly is the thickness of the geonet.
Conclusion
1. The compressive behavior of the bi-planar geonet is divided into two regions which are before compressive strength and after that. In before compressive strength all of manufacturing parameters can affect the resulting value in a complex pattern and after compressive strength the strand inclination and strand cross sectional shape will affect the roll-over behavior mainly. Considering the actual landfill condition these decrease in compressive strength should be considered in designing process. 3. The reduction in flow capacity is dependent on the structure of the geonet, and is smaller for the tri-planar with straight flow channels and larger strand thickness. For both bi-planar geonets, significant reduction in flow capacity measured above 600 kPa normal pressure which is beginning of the roll-over effect. And the selection of a geonet to maximize flow capacity in the long-term must consider not only the thickness of the strands but also the pattern of the liquid flow channel.
